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PMSD and concentration response curve review are not QA test components.  They are test review components to
 assist with data interpretation.
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San Jose Creek NPDES Permit Requirements vs Multi-Concentration Requirements, including Concentration Response Review 

Background

The San Jose Creek NPDES permit requires that chronic Whole Effluent Toxicity (WET) tests be statistically analyzed using the Test of Significant Toxicity (TST) statistical approach for compliance purposes.  States are authorized to choose the statistical approach used to statistically analyze toxicity test data.  The chronic WET test methods are to be conducted in accordance with 40 CFR 136 which references the Short-term Methods for Estimating Chronic Toxicity of Effluents and Receiving Waters to Freshwater Organisms (EPA-821-R-02-013, October 2002).  This update to the WET Test Methods went into effect on December 19, 2002. In the NPDES program, The one objective of the Short-term Methods is to “estimate the “‘safe”’ or “‘no effect”’ concentration of themixtures ofse substances in an effluent or ambient sample that will allow normal propagation of fish and other aquatic life in receiving waters (EPA, 2002, section 9), which is defined as the concentration which will permit normal propagation of fish and other aquatic life in the receiving waters”.  The objective of the TST statistical approach, however, is to determine if the In-stream Waste Concentration, which in the case of this permit is 100% effluent, is toxic.  Although a the multi-concentration test design for chronic effluent monitoring sampling is required by the individual WET test methods (see test condition requirement in tables of summary of test conditions and test acceptability for each WET test method), section not required by Sections 2.2.2 and 8.10.1 of the Short Term Methods (EPA, 2002) recommends, but does not require, a multi-concentration statistical approach  to determine discharge point permit compliance in the NPDES program, it is recommended.

  Another type of test design referenced in the Short Term Methods is for the receiving water toxicity tests which commonly test a control and the undiluted receiving water.  In Ssection 8.11.1 and 8.11.2.3 of the Short Term Methods, the allowance was made to use multi-concentrationallow for the tests to consist of the 100% receiving water compared to the control.  This also stated under  individual WET test methods (see test condition requirement in tables of summary of test conditions and test acceptability for each WET test method), where it says Receiving waters:  100% receiving water (or minimum of 5) and a control (recommended).  Note, it is not required to have the test conducted with multiple concentrations of the receiving water.tests for receiving water if the objective of the test is to estimate the degree of toxicity.  The objective of the TST statistical approach coincides with the objective of the one two concentration and a control receiving water test design and statistical analysis.  Both tests only utilize the test data results from the control and the 100% concentration to determine if the sample at the IWC chosen by the permitting authority is toxic.

However, a test condition in the the Summary of Test Conditions and Test Acceptability Criteria for each of the tested species in the Short-term Methods, requires that the effluent chronic toxicity test design include a minimum of 5 concentrations and a control and recommends that the Receiving Water chronic toxicity test include only onetwo concentration and a controls, (control and 100% receiving water) with a minimum of 5 concentrations and a control as another option when necessary for the chosen statistical approach (i.e., NOEC/LOEC, IC25, LC50).  Since the objective of the onetwo-concentration and a control receiving water test is the same as the TST statistical approach required in the San Jose Creek permit, the test design concentrations recommended for the receiving water test (i.e., onetwo-concentration and a control) receiving water test is more appropriate than the multi-concentration and a control test design usedthat is designed to determine the “no effect” concentration by the NOEC/LOEC, IC25, or LC50.

The “Methods for Measuring the Acute Toxicity of Effluents and Receiving Waters to Freshwater and Marine Organisms”, (October 2002, EPA 821-R-02-012)” has the same language for the effluent and receiving water as the chronic toxicity testing in the Short Term Methods.  The text only recommends while the Summary of Test Conditions and Test Acceptability Criteria for each of the tested species require the multi-concentration test for the effluent and recommend the two-concentration for the receiving water.  In Region 4 permits, the acute toxicity testing requirement has been that “The acute toxicity of the effluent shall be that no single test producing less than 70%.”  Dischargers throughout Region 4, including the County Sanitation District, have been doing a one concentration and a controltwo concentration test designs [and no statistical approach!] to satisfy this permit requirement even though it is in conflict with one of the test condition requirements in the Summary of Test Conditions and Test Acceptability Criteria in the test methods.

The 2002 Chronic Toxicity Short Term Test Method acknowledges in Section 9.4.1.2 that there are other approachesmethods forof statistical analysis that can be used by permitting authorities forto analyze the analyzing WET test data used to make decisions in the NPDES program.  Working withith the oversight and approval of EPA Region 9, the Region 4 Water Board is incorporating the TST statistical approach into all of its NPDES permits at the time of permit renewal.  This statistical approach utilizes the data from the control and from the 100% concentration samples and determines if the 100 % sample is toxic. [How toxic, in relation to the control, is also reported.] In the Summary of Test Conditions and Test Acceptability Criteria in the Short Term Methods for each of the tested species, a multi-concentration test design is required and is then used for effluent testing to estimate the “no effect” or NOEC concentration. Since the test objectives between the TST and the NOEC are different, both because the TST is statistically more powerful and more correctly identify truly toxic and non-toxic samples, and the Short Term Test Methods haves not been updated to specifically incorporate the recommended TST approach for statistical analysis approach, Regional Board Staff has reviewed the applicability of test review procedures in Short Term Methods developed for the NOEC/LOEC approach that conflict with the TST objective—more correctly identifying truly toxic and nontoxic samples and in a transparent and non-subjective manner.  The WET test procedures are the same in both cases so the lab quality assurance procedures not dealing with the statistical data analysis are all applicable.  These procedures include the sampling and handling, the test acceptability criteria, the test conditions, ongoing and reference toxicant testing and tracking, and ongoing control performance tracking for each toxicity test in comparison to historical laboratory performance and in comparison to laboratory performance nationally.

Concentration Response Relationship Review

The procedures where conflict appears to arises— due to the differences in the test objective and the/ statistical approach— are the concentration response relationship review and the one measure of within-test variability (i.e., PMSD). Note, within-test variability is the amount of variability between the individual responses at a given test concentration.  So, if there is a lot of within-test variability at a given concentration, it may be called statistically non significant (lacks statistical power) even when there is a large effect observed at that concentration. (see figure….) The concentration response review and PMSD the test variability check are necessary when calculating the NOEC statistical approach because the NOEC method is based on a monotonically non-increasing curve.  In circumstances where the concentration response relationship is non-monotonic, the identification of the NOEC and the Lowest Observable Effect Concentration (LOEC) is severely compromised.  By reviewing the concentration response curve from a multi-concentration test used to identify the NOEC, the characteristics of the curve versus the assumed monotonically non-increasing curve will determine if there is a problem with the assumptions used in correctly identifying the NOEC /LOEC calculations. The TST statistical method is not hampered with the same assumption since this approach encourages high quality data (good statistical power or less within-test variability) when comparing the ere are only two results to compare (IWC and control).  

Due to the inherent problems (weaknesses) with the NOEC/LOEC statistical approachmethod, USEPA developed national guidance, to help interpret and evaluate the concentration response relationships in effort to more correctly identify the NOEC/LOEC, in “Method Guidance and Recommendation for WET Testing (40 CFR Part 136)” (EPA 821-B-00-004). By comparing the concentration response curve from the WET test to the ten concentration patterns in EPA 821-B-00-004, unexpected patterns that were not previously included in the assumptions to calculate and correctly identify the NOEC//LOEC, and rarely as well as the point estimates (such as IC25), can be identified.  The expected response patterns are classified as normal or valid and do not require any further review (ADD # OF 10 TYPES).  The remaining concentration response relationships are shown in the attached table, with a description of the recommended review response by the laboratory.  The recommended evaluations for each of the response patterns are identified in the attached table and are described below along with the reason for the recommended review.  Note:  The TST statistical approach does not have these data interpretation issues, meaning reduces the subjectivity of the data interpretation step.  Therefore the review of CRR and PMSD are not needed because there is less ambiguity in the data interpretation Test Review step.  

Review Standard Test Procedures

Reviewing the test review procedures is done throughout the WET testing and at the completion of the test.  Ensuring that the test conditions have been followed and the Test Acceptance Criteria has been satisfied is recommended for Curves # 4, 5 and 6.

Check for Test Condition Procedural Error

The interrupted concentration response curve # 5 is the only curve where it is recommended to Check for Test Condition Procedural Error as part of its evaluation.  This step duplicates the quality assurance check that is conducted at the completion of the test.

Evaluate Concentration Range

Curves # 4 (Stimulation at low concentration but no significant effect at higher concentrations) and Curve 7 (Significant effects only at highest concentration) recommend that the test be reviewed to determine if the highest concentration is high enough.  If the highest concentration of the multi-concentration test is already 100%, then this review step is not applicable.  For the Region 4 freshwater permits where the IWC is 100%, this review step is also not applicable.

Evaluate Test Concentrations

The EPA guidance recommends that the test concentrations be reviewed and possibly revised for future testing for Curve # 8 (Significant effects at all test concentrations but flat concentration response curve).  Because all of the concentrations are significantly different than the control and all have a similar effect, there is a concern that the test concentration range was too narrow to have a concentration with no significant effect.  As long as the IWC is within the test bracket, this test result should be considered valid.  This review step is not applicable to the TST statistical approach.

Compare Hypothesis Test Results (NOEC) to Point Estimates (IC25)

This review step is recommended for Curve # 4 (Stimulation at low concentration but no significant effect at higher concentrations) and the result of this comparison determines whether the control response and the test sensitivity should be evaluated.  Since the assumptions for the hypothesis testing and point estimate testing are different, if there is agreement for this type response, further evaluation is not necessary.  This review step is not applicable to the TST analysis since neither the NOEC nor the IC25 is calculated.

Evaluate Control Response	Comment by Stuber, Robyn: Check with Debra.

The evaluate control response review step is recommended when there could be poor performance in the controls.  In the case of Curve # 4, the control is less than anticipated and for Curve # 8, the control is more than anticipated.  The control response is evaluated by comparing the control response (mean, standard deviation, coefficient of variation) for the test to the historical control performance in the laboratory.  If the mean for the control response is below the normal range for the laboratory and dilution water for Curve # 8, or if the mean for the control response is above the normal range for Curve # 4, then the sample should be retested.  Normal range for the mean control response as discussed in sSection 4.16.4 of the Chronic Toxicity Short Term Methods should be +/- 2 standard deviations, for a 95 % confidence for reference toxicant tests and +/- 3 standard deviations for a 99 % confidence.  This test review stepcriteria is applicable to the TST test, but .  This step duplicates the quality assurance checks on the: (1) reference toxicant tests and (2) control responses for the mean, standard deviation, and coefficient of variation (CV)quality assurance check that areis conducted at the completion of the test, consistent with the Chronic Toxicity Short Term Method, to document ongoing lab performance, both in relation to the laboratory’s historical performance and the performance of toxicity laboratories nationally. For States wanting to use the TST statistical approach, EPA has provided performance information for toxicity laboratories nationally, for each test method, expressed in terms of control mean, standard deviation, and CV, compiled during development of the TST. 

Evaluate Within Treatment Variability

As noted in Short Term Methods, section 10.2.8.2, within test variability must be reviewed and variability criteria must be applied for NPDES permits requiring sublethal hypothesis testing endpoints such as NOEC.  The Percent Minimum Significant Difference (PMSD) is solely calculated for statistical endpoints calculated based on multi-concentration test designss to measure the within-test variability; and Table 6 in the Short Term Methods gives the acceptable PMSD range for the test methods for the different species.  To assist in reviewing within test variability, EPA recommends maintaining control charts of PMSDs calculated for a minimum of 20 successive effluent tests.  Within treatment variability is reviewed for concentration response Ccurve # 5 (Interrupted concentration response: significant effect bracketed by non-significant effects). This step is necessary to determine the validity of the calculated NOEC because poor performance in a single replicate can bias the mean response for a given test concentration and cause that concentration to differ significantly from the control.  Within treatment variability for the TST statistical test is monitored by calculating the control standard deviation (SD) and coefficient of variation (CV) and comparing them it to historical results in the laboratory and to toxicity laboratory performance nationally.  The PMSD review is not applicable to the statistical approachmethod using only one two concentration and a controls, such as the TST, as verified by the State Water Board in the ELAP review letter to the San Jose Creek Laboratory dated December XX, 2013. Nor did EPA need to develop PMSD values for acute multiple concentration tests, or the test design of a single concentration compared to a control which has been used for many years (+25 – 30 years). 

Evaluate Test Sensitivity	Comment by Stuber, Robyn: Debra.

As stated in section 9.2.3.5 of Short Term Methods for Chronic Toxicity, the estimate of the NOEC (with hypothesis test statistic)ing is always dependent upon the experiment design, and the examination of the sensitivity of the test is extremely important. Discrepancies between the NOEC and the IC25 could be due to the test sensitivity (i.e., lack of statistical power). The test sensitivity is also evaluated using the PMSD and is recommended for the following curves:

	4 – - Stimulation at low concentrations but no significant effect at higher concentrations 	Comment by Denton, Debra@Waterboards: When would have we regulated this facility when we only see a statistical effect at the lowest conc?

	5 – Interrupted concentration response: significant effect bracketed by non-significant effects

	6 – Interrupted concentration response: non significant effects bracketed by significant effects

	7 – Significant effects only at highest concentrations

Although the test sensitivity (either too low or too high) is a critical component of the NOEC and IC25 calculations, , it is not a factor in the TST statistical approachmethod where concerns over test sensitivity are addressed by the option to increase test replication and active QA steps taken by the laboratory to improve laboratory performance metrics..

Evaluate Dilution Water 

Curve # 8 represents significant effects at all test concentrations but a flat concentration-response curve. One possible explanation for this type of curve is the improper use of dilution water, such as using a culture water control instead of the dilution water control.  This type of error should also be identified as part of the QA Check for Test Conditions or Procedural Errors.

Consider Pathogen Effect

The Pathogen Effect evaluation step is recommended for Curve # 8: Significant effects at all test concentrationss but a flat concentration response curve.  The significant effects at all test concentrations could be due to the presence of pathogens in the effluent and is most commonly identified by sporadic mortalities and extremely high variability between replicates.  This type of effect is not common if laboratory control water is used as the dilution water instead of ambient water.  Although this review step is applicable to multi-concentration and the TST statistical method, other WET quality assurance protocol steps (proper glassware cleaning) would have identified or reduced if pathogens were present in a toxicity test using the TST statistical approach.

Conclusion

Based on the above discussion and the summary provided in Table 1, the concentration response relationship review QA and test review components and steps applicable to the chronic toxicity effluent limitation of Pass or Fail for the San Jose Creek NPDES Permit include:

· Review Standard Test Procedures 

· Check for Test Condition Procedural Errors 

· Evaluate Control Responses (using the +/- 2 standard deviations for a 95 % confidence and +/- 3 standard deviations for a 99 % confidence) (examine mean control and standard deviation for each endpoint)

· Evaluate Within Treatment Variability (using CV and comparing it to historical results in the lab) Note: PMSD is not applicable

· Evaluate Dilution Water 

· Conduct ongoing reference toxicant tests and plot performance over time for each test method and endpoint

· Consider Pathogen Effect

[bookmark: _GoBack]Since all of these QA and review steps are also part of the Quality Assurance protocol for the WET test methods, a concentration response review of the San Jose Creek toxicity effluent results  is not necessary or required when not using a NOEC/LOEC or IC25 statistical approach. It provides no information that can be used to change a TST statistical approach result from “Pass” to “Fail”, or “Fail” to “Pass”.
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